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• Biocompatibility
• Biodegradability
• Mechanical properties
• Morphology
• Hydrophobicity
• Thermal stability
Physical and 
chemical properties
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Factors to consider:
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 PVDF and some of its copolymers stand out for their good properties.
PVDF              PVDF-HFP
Techniques of SE, NSE, TIPS.
Composites polymer@ionic liquid.
» Biocompatibility. » Flexibility.
» Thermal and chemical stability. » Hidrophobic character.
» Highest electroactive response. » Piezoelectricity.
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Control of the properties
Looking for other methods
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Organic cation + (in)organic anion Hundreds of combinations
Tuneable properties
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 Most are green solvents and biocompatible.
 Good electrochemical and thermal stability.
 Low melting point.
 Nonflammability.
Anion
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20 min   – 80 ºC
60 min    – 100 ºC
Room temperature 
~ 5 h  - 25  ºC
Preparation of 
solutions
PVDF-HFP/DMF  85:15
I.L/PVDF-HFP/DMF
4.132 ·10−3moles/g
Magnetic
stirring
~ 5 h  - 25 °C
Spread
100 – 300 µm
Solvent
evaporation
20 min   – 80 °C
60 min    – 100 °C
Room temperature
1 2 3 4
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Morphology SEM measures.
Hidrophobicity Contact angle measures.
Mechanical properties Stress-strain curves.
 Thermal characterization TGA.
Phase content FTIR-ATR spectroscopy.
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Morphology.
Hydrophobicity.
Mechanical properties.
Thermal characterization.
Crystallization-phase characterization.
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Dependence with the solvent
evaporation process and with
the type of ionic liquid.
Hydrophobic
Hydrophilic
 Porous
 Non-porous
With spherulites
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Figure 1. SEM (cross–section) and contact angle images for the different samples.
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48h in H2O
DryPVDF-HFP@IL 
membrane
 Is the ionic liquid expelled?
 What effects does it have on the
properties of the membrane?
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¡Morphology is maintained!
Figure 2. SEM (cross-section) images of the samples dried at 
80ºC before and after immersion in water for 48h.
Immersion in water
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Figure 3. Contact angle measurements before 
and after immersion in water.
Hydrophobicity
Figure 4. Contact angle of the prepared samples before 
and after immersion in water.
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· Spherulitic character 
Young modulus lower. 
· Non porosity 
Young modulus higher
ILs act as plasticizers
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After immersion in water
Young modulus
Figure 5. Results of elastic module estimated for the different samples
dried at 80 ºC during 20 min before and after the immersion in water.
Before H2O 
immersion
After H2O 
immersion
PVDF-HFP the highest Td > 450 °C
Td depends on the ionic liquid
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Figure 6. Thermogravimetric curves for the membranes dried at 80 °C, (a) before immersion in water (b) after 
immersion in water.
Td of the neat PVDF-
HFP is reached after the
immersion in water
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 α-phase: At 763  cm-1
 β-phase: At 840 cm-1
1279 cm-1
 γ-phase: At 840 cm-1
1234 cm-1
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Increase on the piezoelectric
phases after immersion in water
Figure 7. FTIR-ATR spectra for the membranes dried at 80 °C, (a) before immersion in water (b) after 
immersion in water.
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 Membranes of PVDF-HFP@IL have been successfully developed
through the solvent casting and evaporation method.
 ILs have been shown to serve as properties controllers on the
synthesis of PVDF-HFP membranes.
 The possibility to tailor the PVDF-HFP membranes morphology by
the variation of the IL opens new possibilities.
 It is possible to recover some of the typical properties of neat PVDF-
HFP membranes keeping the new membrane morphology after the
IL removal.
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